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Introduction

Noise is defined as any unwanted sound, and the health effects of noise have been well documented.
Exposure to high levels of sound pressure can lead to hearing loss, tinnitus, and other health problems

Airborne ultrasound is used for various purposes
both in industrial and public settings and is also often
produced unintentionally by many sources

Ultrasound consists of mechanical (acoustic) waves, historically
characterised at frequencies above the upper human audible limit

Many countries have included ultrasonic noise on the list of factors hazardous to health in the working

environment. Even though the frequency range above 20 kHz has been studied, there is still not enough
information regarding how it affects the human body
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Introduction Introduction - TLVs
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Introduction Introduction - Instrumentation
Ultrasonic welder ult ic cl In contrast to measurements of sound levels in the audible frequency range there are no clearly defined
rasonic cleaner instruments intended to measure the sound pressure level in the ultrasonic frequency range
= 120
= o - - = No international standards for instruments and
'j? _ g - - for measurments.
i -
100 ™) . .
= No requirements for such instruments and
%0 %0 methods of their periodic calibration as part of
metrological control.
[Py - - - w -
= Lack of fully assured measurement consistency
"’ o at frequencies above 20 kHz.
& @
Despite the lack of current international standards concerning ultrasonic noise measurements in the
. s " 2 P s © 50 " s " " 2 e w work environment, there is a possibility for adapting methods for the audible frequency range after taking
requeney (k) requency ) account of several key measurement issues (eg. microphone)
= TVLs (Poland)
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EFFECTS OF ULTRASONIC NOISE ON HEARING

The results of environmental and laboratory studies in the
1960s showed that the temporary threshold shift (TTS)
and the permanent threshold shift (PTS) of 0.25-10 kHz
resulting from exposure to ultrasonic noise did not exceed
10—15 dB or was not observed at all if sound pressure
level did not exceed 120 dB

Grigorieva V.M. 1965

EFFECTS OF ULTRASONIC NOISE ON HEARING

Ultrasounds of 12—16 kHz masking bone-conduction \
caused an increase in the hearing threshold by 15-22 dB.
Furthermore, masking curves for noise of middle
frequencies (26 and 39 kHz) resembled an average
audiogram of people with hearing deficiencies caused by
years of exposure to ultrasonic noise
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Fujimoto K. et al. 2005

NIHL at 13-17 kHz in workers exposed to ultrasonic noise
over several years of work with cleaners and welding

Ultrasound exposure is a significant predictor of
hearing loss, primarily at high frequencies
between 10 and 14 kHz. In contrast, exposure to

Exposure to audible high-frequency sounds
and ultrasonic signals exceeding the hearing
range may increase the risk of hearing

- - machines at level exceeding 80 dB Grzesik J., Pluta E.

[— 1986

TTS of 8-18 kHz resulted from a short-term exposure to
signals of 17-37 kHz and intensity of 148—154 dB

Parrack H.0.1966

industrial noise in the audible range resulted in
hearing loss at conventional frequencies

damage as a result of an overlap of stimuli
originating from both these signals in the
inner ear

Macca |. et al. 2015

Lenhardt M.L. 2003
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EFFECTS OF ULTRASONIC NOISE ON HEARING THERMAL EFFECTS

Workers exposed to ultrasonic noise and audible noise had worse hearing status than workers

exzcl)sed elxcrl1u5|\{ely t: au:ﬂljtlje r.10|she (;f 3|m|IarA-we|ght$%s102u:g| pressun: I:vels. The S.tUdz found tha}t Amouse dies from overheating after 10 s to 3 min of

audiometric hearing thresholds in the frequency range of 8- 1z were higher (worse) in the group of exposure 1o a signal of 20 kHz and level of 160 dB

employees exposed to noise generated by low-frequency ultrasonic welding devices

Allen C.H. et al. 1948
Dudarewicz A. et al. 2017
A lethal level for signals of 18—20 kHz for an unshaven

The results consistently indicated worse No evidence that ultrasound exposure at the levels, mouse were 144 dB and for a shaven mouse 155 dB

hearing among the ic device op fre ies, and durations used in the study Danner PA. et 1954
as compared to the control group. Both (40 kHz tones at 105, 110, 115, and 120 dB SPL

extended high-frequency audiometry EHFA for 10 minutes at each level) had any temporary or

and distortion-product otoacoustic emissions permanent effects on hearing function as assessed The mi 1 of acoustic impedance between the air and

DPOAE seem to be useful tools for by several psychophysical and electrophysiological = human skin tissue prevents, at considerable extent,

recognizing early signs of hearing loss among measures. Specifically, there were no significant penetration of ultrasonic energy in the human body and,

ultrasonic device operators. The study differences between the exposure group and the it therefore, only relatively high intensities of ultrasonic

that ic device op: are | | control group in terms of changes in audiometric waves can be dangerous for the human body.
at risk of hearing impairment or speech-in-noise ur ing Acton W.I. 1974
Dudare\géczzzA. etal. Lenhardt M.L. 2003
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THERMAL EFFECTS

Ultrasounds at level of 159 dB may cause moderate

warming of the surface of the human body - according to
ional sil i exposure to for

~50 min at level of at least 180 dB may be fatal 13

Neppiras E.A.1980

After a day of working with ultrasonic devices, body
temperature of 40% of studied workers increased by 0.5
°C and in some cases even by 1-2 °C 9

Acton W.1. 1974

Cases of burns on the hand skin between fingers
from accidental exposure to a signal with a frequency
of 20 kHz and level of 165 dB 10

Acton W.1. 1974
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SUBJECTIVE SYMPTOMS

App of subjecti p of exposure to noise emitted
by ultrasonic devices like dizziness, balance disturbances,
tinnitus and fatigue. It is assumed that those symptoms result
from the effect of noise on the vestibular system; however, further
studies are necessary

4,23

Sounds with frequencies over ~17 kHz and level exceeding 70 dB
may cause negative symptoms among exposed workers such as
excessive fatigue, nausea, ear fullness and headache

“Audible” components of the noise spectrum are, above all,
responsible for subjective symptoms among workers exposed to
noise emitted by ultrasonic devices.
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SUBJECTIVE SYMPTOMS

Operators of ultrasonic welding machines subjectively
assessed acoustic conditions at workstations, complaints and
sensations related to noise at the workplace, and self
assessed their hearing and health. About 29.4% of the
workers did not report any complaints related to noise at the
workstations

Subjectice noise assesment

35 Complaints
related to noise at the workstations 50

Percent of workers (%)

Percent of workers (%)
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EFFECTS ON FUNCTIONAL CHANGES

Exposure to sounds with a frequency of 21 kHz and level of 110 dB
for 3 h daily for 10-15 days caused functional changes in the
cardiovascular and central nervous systems

Workers exposed to noise emitted by ultrasound devices suffered
from increased neural excitability, irritation, memory problems

and difficulties with concentration and learning

Levels of 90-110 dB within the range of lower frequencies
(21 kHz) and 110-115 dB within the range of higher frequencies (40
kHz) i the limit of of i changes

fatigue  headache somnolence dizziness palpitations loud uneven  shap  annoying  interfering
A with work A
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SUMMARY CONCLUSIONS
= Hearingloss: Some conflicting results and the absence of consistent findings indicate the need for further
comprehensive investigations in this area to better understand the effects of ultrasound on hearing. ' . X . i
Because audible noise is also present in industrial conditions, it is difficult to interpret the results of The eStab“Shm,em of TLVs for occupational exPos.u.re .tO .umasonlc noise has been vital to
. . protect workers' health. However, the lack of specific limits for each outcome and the
environmental studies on the effects of ultrasounds on hearing N . . N
absence of a consistent method for measuring ultrasonic noise exposure demonstrate that
= Thermal effects: Ultrasound exposure can lead to both thermal and non-thermal effects on tissues, and the existing safety measures may be Insufficient. Thgrefore, 't.s |mp0rtan.t n? adapt existing
N . measurement methods and develop new strategies for reliably quantifying ultrasound
extent of damage depends on various factors such as temperature, exposure time, and type of ultrasound exposure
used P .
= Subjective symptoms: Symptoms like headache and dizziness, tinnitus, balance disturbances and nausea are |I'n ‘cﬁ‘nclusrl‘on,r;he \e/ﬁfctsto:“\imlraz(\)’u:d exf[f)osturfer ar;e (‘f;sr\gerallt)rle bu‘n\éa”jbrleioDQSpr'te
typical for workers exposed to ultrasounds of low frequencies. It is assumed that those symptoms result from aising concerns ovel _po ential adverse efiect s_ om airborne uftrasound ovel years
) . N . ago, further research is needed to comprehensively understand the nature of these effects
the effect of noise on the vestibular system; however, further studies are necessary " - . N
and to develop effective measures for monitoring and mitigating ultrasound exposure in
= Functional changes: Workers using ultrasonic devices suffered from functional changes such as neurastenia, occupational settings.
cardiac neurosis, hypotension, heart rhythm disturbances and adrenergic system disturbances T Sovern .
rogramme ¥ ofthe Ministry o
FamiyandSocal ol priortoDecemer 12t 2053 "
Task no.3.25.01 entited“Revison of permissible ultrasonic nois valuesin the workplace”
.Y A
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